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APPARATUS FOR TREATING SOLIDS 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

This application is a continuation of prior ?led copending 
PCT International application no. PCT/EP2004/005099, ?led 
May 12, 2004, Which designated the United States and on 
Which priority is claimed under 35 USC §120, and Which 
claims the priority of German Patent Application, Serial No. 
203 07 458.0, ?led May 13, 2003, pursuant to 35 USC 
119(a)-(d), the subject matter of Which are incorporated 
herein by reference. 

BACKGROUND OF THE INVENTION 

The present invention relates, in general, to an apparatus 
for treating solids, in particular mixing, pelletiZing or drying 
of solids. 

It Would be desirable and advantageous to provide an 
improved apparatus for treating solids to enhance the quality 
during treatment. 

SUMMARY OF THE INVENTION 

According to one aspect of the present invention, an appa 
ratus for treating solids, in particular mixing, pelletiZing or 
drying, includes a vessel receiving a solid product, a drive 
shaft disposed in the vessel, at least one mixing member 
rotating in a rotation direction and disposed in ?xed rotative 
engagement With the driveshaft, Wherein the mixing member 
has tWo mixing arms, each including a main vane of generally 
triangular cross section to de?ne an apex Which is directed in 
the rotation direction of the mixing member. 

According to another feature of the present invention, the 
mixing arm may have a bottom vane of generally rectangular 
cross section to extend the main vane in a direction of the 
vessel bottom. 

According to another feature of the present invention, a 
generally cylindrical rod may be provided for mounting the 
bottom vane in ?xed rotative engagement With the driveshaft. 

According to another feature of the present invention, the 
mixing arm may include an end vane disposed at an upper end 
of the main vane and having a generally rectangular cross 
section. 

According to another feature of the present invention, the 
main vane may extend in relation to a rotation plane at an 
angle ranging from 15° to 60°. The same angle arrange may 
be applicable for the bottom vane and the end vane. 

According to another feature of the present invention, the 
end vane and the main vane and the bottom vane may each 
extend in relation to an inner Wall of the vessel at a clearance 
angle ranging from 1° to 30°. 

According to another feature of the present invention, the 
end vane may extend in relation to a radial at an angle of 
inclination ranging from 1° to 30°. 

According to another feature of the present invention, the 
bottom vane and the cylindrical rod of each of the mixing 
arms may form jointly a generally Z-shaped con?guration. 

According to another feature of the present invention, the 
end vane and the main vane and the bottom vane may each 
extend in relation to an inner Wall of the vessel at a distance of 
about 1 to 10 mm. 

According to another feature of the present invention, at 
least one baf?e may be disposed in the vessel for disturbing 
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2 
the How of the solid product. Suitably, the baf?e may have a 
generally circular cross section and may be chamfered in How 
direction. 

According to another feature of the present invention, a 
chopper (dispersing member) may be provided for subjecting 
the product in the vessel to high shear forces. Suitably, the 
chopper may have a shaft for attachment of several blades. 

According to another feature of the present invention, a 
gassing device may be mounted in the bottom of the vessel for 
introducing a gas, e.g. air, into the vessel in How direction of 
the product being treated. 

According to another feature of the present invention, the 
vessel may have a ?at bottom, a cylindrical Wall, and a curved 
transition betWeen the bottom and the cylindrical Wall. Suit 
ably, the transition is de?ned by a radius of about (0.05 to 
0.2)><D, Wherein D is an inner diameter of the vessel. 

According to another feature of the present invention, the 
bottom vane may have a height of about (0.1 to 0.3)><D. The 
main vane may have a height of about (0.2 to 0.5)><D. 

BRIEF DESCRIPTION OF THE DRAWING 

Other features and advantages of the present invention Will 
be more readily apparent upon reading the folloWing descrip 
tion of currently preferred exempli?ed embodiments of the 
invention With reference to the accompanying draWing, in 
Which: 

FIG. 1A is a side vieW of a mixing member of an apparatus 
for treating solids in accordance With the present invention; 

FIG. 1B is a top plan vieW of the mixing member; 
FIG. 1C is another side vieW of the mixing member; 
FIG. 1D is a perspective vieW of the mixing member; 
FIG. 1E is a sectional vieW of the mixing member, taken 

along the line A-A in FIG. 1A; 
FIG. 2 is an illustration of a dispersing element With blades 

for use in the apparatus for treating solids in accordance With 
the present invention; 

FIG. 3 is a top plan vieW of the dispersing element; and 
FIG. 4 is a sectional vieW of a gassing device for introduc 

tion of gas into the vessel of the apparatus for treating solids 
in accordance With the present invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

Throughout all the Figures, same or corresponding ele 
ments are generally indicated by same reference numerals. 
These depicted embodiments are to be understood as illustra 
tive of the invention and not as limiting in any Way. It should 
also be understood that the draWings are not necessarily to 
scale and that the embodiments are sometimes illustrated by 
graphic symbols, phantom lines, diagrammatic representa 
tions and fragmentary vieWs. In certain instances, details 
Which are not necessary for an understanding of the present 
invention or Which render other details dif?cult to perceive 
may have been omitted. 

Turning noW to the draWing, and in particular to FIG. 1A, 
there is shoWn a side vieW of an apparatus for treating solids 
in accordance With the present invention, generally desig 
nated by reference numeral 10. The treatment apparatus 10 
includes a mixing vessel 12 having a ?at bottom 48, a cylin 
drical skirt 52 and a transition 50 betWeen the bottom 48 and 
the skirt 52. The transition 50 has a radius of about (0.05 to 
0.2)><inner diameter D of the vessel 12. The cylindrical skirt 
52 of the vessel 12 has a height HS Which at a maximum is 
equal to the diameter thereof. The treatment apparatus 10 may 
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be closed on top by a ?at lid (not shown) or arched lid (not 
shown). The vessel 12 may be double-jacketed and/or pro 
vided With an attached ?lter. 

Disposed in the vessel 12 is a mixing or agitating unit 
Which includes a free-?oating driveshaft 14 Without bottom 
support, Whereby the driveshaft 14 is driven from atop for 
rotation about a rotation direction indicated by arroW P (FIG. 
1D). Connected in ?xed rotative engagement to the driveshaft 
14 is a mixing member Which is shoWn here by Way of 
example in the form of tWo mixing arms 16 Which oppose one 
another diametrically. Each mixing arm 16 includes a main 
vane 18 of, for example, rectangular cross section, Which 
extends at a slight distance from the bottom 48 upWards, as 
shoWn in particular in FIGS. 1A and 1C. FIG. 1C also illus 
trates the kinked con?guration of the main vane 18 to de?ne 
a loWer vane portion 54 and an upper vane portion 58. The 
loWer vane portion 54 has a height Hl of about (0.1 to 0.3)>< 
diameter D of the vessel 12, Whereas the upper vane portion 
58 has a height H2 of about (0.2 to 0.5)><diameter D of the 
vessel 12. The heights H1, H2 are hereby measured parallel to 
the center axis of the driveshaft 14. The upper vane portion 58 
of the main vane 18 extends in relation to the rotation plane at 
an angle al of about 15° to 60°, Whereas the loWer vane 
portion 54 of the main vane 18 extends in relation to the 
rotation plane at an angle (x2 of about 15° to 60°. Angles (x1 
and (x2 may be identical or different, and angle (x2 may be 
greater or smaller than angle (x1. 

Placed upon the upper vane portion 58 of the main vane 18 
is a triangular rail 20 Which may be formed in one piece With 
the main vane 18 or suitably secured thereto, and Which 
extends along the entire length of the upper vane portion 58, 
as shoWn in FIGS. 1C and 1D. The triangular rail 20 has a base 
area, Which faces the main vane 18, and an apex 21 Which is 
directed in rotation movement of the mixing member. The 
loWer vane portion 54 of the main vane 18 is reinforced by a 
rail 24 Which is con?gured to extend beyond the loWer vane 
portion 54 to also cover part of the upper vane portion 58, as 
shoWn in FIG. 1C. 

Disposed upon the upper end of the main vane 18 is an end 
vane 30 Which is suitably formed in one piece With the main 
vane 18. As shoWn in FIG. 1B, the end vane 30 extends 
inWardly from the inner Wall of the vessel 12 and is inclined 
in relation to a radial upon the vessel Wall at an angle y ranging 
from about 1° to 30°. As shoWn in FIG. 1C, the end vane 30 
extends in relation to the rotation plane at an angle 6 ranging 
from about 15° to 60°. The end vane 30 is constructed in the 
form of a ?at sheet. 

The main vane 18 and the reinforcement rail 24 jointly 
form a curved bottom vane 22, as shoWn in FIGS. 1A, 1B and 
1D. The bottom vane 22 terminates in an adapter piece 26 
Which extends substantially parallel to the bottom 48 and in 
turn terminates in a cylindrical rod 28 by Which a connection 
of the mixing arm 16 With the driveshaft 14 is established and 
Which transmits the torque as introduced by the driveshaft 14. 
The adapterpiece 26 thus forms the transitionbetWeen the ?at 
rectangular bottom vane 22 and the cylindrical rod 28. 
As best seen in FIG. 1B, the upper vane portion 58 and the 

triangular rail 20 as Well as the leading edge of the end vane 
30 extend along the inner Wall of the vessel 12, Whereas the 
bottom vane 22 is con?gured to conform to the curvature of 
the transition Zone 50 of the vessel 12, as shoWn in FIG. 1A, 
and the adapter piece 26 extends substantially parallel to the 
bottom 48 of the vessel 12. The main, bottom and end vanes 
18, 22 30 extend in relation to the bottom Wall at a clearance 
angle [3 ranging from about 1° to 30°, as shoWn in FIG. 1E, 
Which illustrates a section through the bottom vane 22 along 
the line A-A in FIG. 1A. 
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4 
The distance of the main, bottom and end vanes 18, 22, 30 

as Well as the adapter piece 26 from the Wall and bottom 48, 
respectively, of the vessel 12 is minimal and ranges from 
about 1 to 10 mm. 

In the illustrated exempli?ed embodiment, the cylindrical 
rod 28 is made of tWo sections 28a, 28b, ie a ?rst section 2811 
Which extends generally upWards from the adapter piece 26, 
and a second section 28b Which extends generally trans 
versely to the axis of the driveshaft 14, as best seen in FIG. 
1D. Of course, the rod 28 may be constructed differently so 
long as it is capable to transmit the torque from the driveshaft 
14 to the mixing arms 16. 
As shoWn in FIG. 1B, the bottom vanes 22, adapter pieces 

26 and the rods 28 of both mixing arms 16 jointly exhibit a 
Z-shaped con?guration so that the vessel content (product) 
being treated is moved radially outWards even When the rota 
tion speed of the driveshaft 14 in rotation direction P is slight. 
As a consequence, the vessel 12 can effectively being emptied 
completely via an outlet valve (not shoWn) disposed on the 
outer perimeter of the vessel 12. 
The treatment apparatus 10 may suitably be provided With 

at least one baffle 32 for disturbing a How of the product in the 
vessel 12. The baffle 32 has a generally cylindrical base body 
chamfered or cut in How direction and is installed eccentri 
cally in the vessel 12 from atop in parallel relationship to the 
driveshaft 14. The provision of the baffle 32 causes a reduced 
rotation motion in the product and causes larger lumps, form 
ing during drying, to move toWards the mixing member Where 
they are crushed. 

In addition, the treatment apparatus 10 may include a dis 
persing member in the form of a chopper 34 Which is mounted 
onto the lid of the vessel 12. An example of a chopper 34 is 
shoWn in FIG. 2. The chopper 34 includes a shaft 36 Which is 
installed eccentrically from atop into the vessel 12 betWeen 
the driveshaft 14 and the main vane 18 in substantial parallel 
relationship to the driveshaft 14 and ends slightly above the 
rod 28. The shaft 36 has a loWer end for attachment of at least 
one, preferably several, such as three, blades 38 Which are 
arranged above one another and staggered at an angle of 60° 
in circumferential direction, as shoWn in FIG. 3. The chopper 
35 operates at high circumferential speed, e. g. greater than 15 
m/ s so as to introduce locally high shear forces into the 
product. As a consequence, lumps and chunks in the product 
are split. Depending on the product being treated, the blades 
38 may, of course, be constructed in a different Way in order 
to adjust the shearing action to the product characteristics at 
hand. 
As shoWn in FIGS. 1A and 1C, a gassing device 40 is 

installed in the bottom 48 of the vessel 12. An example of a 
gassing device 40 is shoWn in more detail in FIG. 4. The 
gassing device 40 includes a generally cylindrical base body 
42, Which is made of metallic ?lter cloth, and a conical top 44 
placed upon the base body 42. At least one feed line 46 
supplies gas, e. g. air, to the base body 42 from Which the gas 
is directly conducted into the vessel 12 in How direction of the 
vessel content. As a result, gas is distributed across the entire 
cross section of the vessel 12 and rises over the entire vessel 
height. This even gas distribution results in a high phase 
interface betWeen gas and solid matter. 
The treatment apparatus 10 is primarily used for mixing, 

pelletiZing and drying of solids. It may also be applicable for 
heating or cooling solids. In some cases, several process steps 
may be executed successively, e.g., chemical reactions, 
evaporation of solvents, crystallization by evaporation or 
cooling. 
The mixing member has a geometry Which can be realiZed 

by obliquely intersecting a cylinder so that the vane receives 
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elliptic outer and inner contours and thus need not be con 
nected. The triangular pro?le of the main vane 18 prevents 
solid matter to adhere to areas directed in How direction. 
Moreover, part of the product being moved axially upWards is 
pushed in the direction toWard the Wall through a gap betWeen 
the mixing arms 16 and the vessel Wall and thus is compacted 
to form stable pellets. 

The end vanes 30 ensure a transport of the solid matter to 
the center. Also the geometry of the end vane 30 is realiZed by 
an oblique cut through the cylindrical vessel part. The leading 
sheet edge of the end vane 30 has a constant distance to the 
cylindrical Wall of the vessel 12 and has an elliptic con?gu 
ration. 

The bottom blade 22 and the adapter piece 26 are provided 
to compact the pellets betWeen the bottom 49 of the vessel 12 
and the mixing arms 16 and to discharge the ?nished product. 

The narroW gap betWeen the vanes and the inner Wall of the 
vessel 12 substantially prevents Wall deposits and incrusta 
tion and thus ensures good heat transmission coe?icients. 

The solids in the vessel 12 are moved axially upWards 
along the vessel Wall and forced at the top to the center. From 
there, the solids are draWn in the middle doWnWards by the 
mass How so as to establish a large mixing motion Which is 
free of dead spaces and thereby ensures short mixing times 
and high heat transfers. 

The shear intensity of the mixing member can be in?u 
enced by the selection of the rotation speed. When the rotation 
speed is high, the mixing member is appropriate for pelletiZ 
ing in vieW of the many shear gaps in immediate proximity of 
the vessel Wall. In this case, the various poWdery components 
are compacted and compressed together With a binder solu 
tion in the gaps. As a result, the pellets have a stable structure. 
At mean rotation speed, the circumferential speed is high 
enough to cause shear forces, generated by the main vane 18, 
to breakup lumps or chunks that tend to disintegrate easily. 
Lumps that exhibit less tendency to disintegrate can be split 
through installation of baffles 32. Lumps that shoW even 
greater resistance to disintegration can be crushed through 
installation of the chopper 34. At loW rotation speed, the 
content in the vessel 12 can be circulated substantially in the 
absence of any shearing action to thereby quickly dry pellets 
that are extremely sensitive to shearing. 

The treatment apparatus 10 can be constructed Without 
bottom support so that the need for seals is eliminated. The 
treatment apparatus is easily accessible and the vessel 12 can 
be essentially emptied completely, Without tilting the vessel 
12, as a result of the con?guration of the mixing member and 
the narroW Wall spacing betWeen the vanes and the inner 
vessel Wall. The treatment apparatus alloWs even Wetting of 
the product surface, even distribution of binder solution, and 
essentially full pelletiZing. 

The conical con?guration of the top 44 of the gassing 
device 40 prevents product deposits When the circumferential 
speed is loW. The large discharge cross section from the 
cylindrical base body 42 of the gassing device 40 provides 
loW gas velocities and even gas distribution. Gas ?oWs hereby 
in a same direction as the solids through the mixing member, 
thereby realiZing an optimum distribution in the entire vessel 
cross section. Moreover, the loW circumferential speed 
reduces poWer consumption While still achieving superior 
results. 

While the invention has been illustrated and described in 
connection With currently preferred embodiments shoWn and 
described in detail, it is not intended to be limited to the details 
shoWn since various modi?cations and structural changes 
may be made Without departing in any Way from the spirit of 
the present invention. The embodiments Were chosen and 
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6 
described in order to best explain the principles of the inven 
tion and practical application to thereby enable a person 
skilled in the art to best utiliZe the invention and various 
embodiments With various modi?cations as are suited to the 
particular use contemplated. 
What is claimed as neW and desired to be protected by 

Letters Patent is set forth in the appended claims and includes 
equivalents of the elements recited therein: 

What is claimed is: 
1. Apparatus for treating solids, comprising: 
a vessel receiving a solid product and having a bottom; 
a driveshaft disposed in the vessel; 
at least one mixing member rotating in a rotation direction 

and disposed in ?xed rotative engagement With the 
driveshaft, said mixing member having tWo mixing 
arms, each said mixing arm including 
a main vane of generally triangular cross section to 

de?ne an apex Which is directed in the rotation direc 
tion of the mixing member, 

a bottom vane extending the main vane in a direction of 
the bottom and having a generally rectangular cross 
section, 

an adapter piece extending the bottom vane and termi 
nating in a generally cylindrical rod of L-shaped con 
?guration to connect the mixing arm to the driveshaft 
and to transmit a torque from the driveshaft to the 
mixing arm; and 

an end vane disposed at an upper end of the main vane 
and having a generally rectangular cross section, said 
end vane extending inWardly from an inner Wall of the 
vessel and formed in one piece With the main vane. 

2. The apparatus of claim 1, Wherein the cylindrical rod 
connects the bottom vane in ?xed rotative engagement With 
the driveshaft. 

3. The apparatus of claim 1, Wherein the main vane extends 
in relation to a rotation plane at an angle ranging from 15° to 
60°. 

4. The apparatus of claim 1, Wherein the bottom vane 
extends in relation to a rotation plane at an angle ranging from 
15° to 60°. 

5. The apparatus of claim 1, Wherein the end vane extends 
in relation to a rotation plane at an angle ranging from 15° to 
60°. 

6. The apparatus of claim 1, Wherein the main vane has an 
upper end and a loWer end, said mixing arm including an end 
vane connected to the upper end of the main vane, and a 
bottom vane connected to the loWer end of the main vane, said 
end vane and said main vane and said bottom vane extending 
in relation to an inner Wall of the vessel at a clearance angle 
ranging from 1° to 30°. 

7. The apparatus of claim 1, Wherein the end vane extends 
in relation to a radial at an angle of inclination ranging from 
1° to 30°. 

8. The apparatus of claim 1, Wherein the adapter piece and 
the cylindrical rod of each of the mixing arms form jointly a 
generally Z-shaped con?guration. 

9. The apparatus of claim 1, Wherein the main vane has an 
upper end and a loWer end, said mixing arm including an end 
vane connected to the upper end of the main vane, and a 
bottom vane connected to the loWer end of the main vane, said 
end vane and said main vane and said bottom vane extending 
in relation to an inner Wall of the vessel at a distance of about 
1 to 10 mm. 

10. The apparatus of claim 1, further comprising at least 
one baf?e disposed in the vessel. 
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11. The apparatus of claim 10, wherein the baffle has a 
generally circular cross section and chamfered in How direc 
tion. 

12. The apparatus of claim 1, further comprising a chopper 
for subjecting the product in the vessel to high shear forces. 

13. The apparatus of claim 12, Wherein the chopper has a 
shaft for attachment of several blades. 

14. The apparatus of claim 1, Wherein the vessel has a 
bottom, and further comprising a gassing device mounted in 
the bottom of the vessel. 

15. The apparatus of claim 14, Wherein the gassing device 
is constructed to introduce a gas into the vessel in How direc 
tion of the product. 

16. The apparatus of claim 15, Wherein the gas is air. 
17. The apparatus of claim 1, Wherein the vessel has a ?at 

bottom, a cylindrical Wall, and a curved transition betWeen 
the bottom and the cylindrical Wall. 

8 
18. The apparatus of claim 17, Wherein the transition is 

de?ned by a radius of about (0.05 to 0.2)><D, Wherein D is an 
inner diameter of the vessel. 

19. The apparatus of claim 10, Wherein the bottom vane has 
a height of about (0.1 to 0.3)><D, Wherein D is an inner 
diameter of the vessel. 

20. The apparatus of claim 1, Wherein the main vane has a 
height of about (0.2 to 0.5)><D, Wherein D is an inner diameter 
of the vessel. 

21. The apparatus of claim 1, Wherein the adapter piece 
extends substantially parallel to the bottom. 

22. The apparatus of claim 1, further comprising a rein 
forcement placed coextensively upon the main vane. 


